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Ethanol or Gas: Which is Best for the Climate?
If we grow corn grain to produce ethanol to power cars, do we end up using more energy than we create? Is replacing gasoline with corn ethanol better for the climate? What’s 
the best way to calculate how ethanol production and use affect 
climate?
Right now many folks are asking these questions and com-
ing up with differing answers. This in part results from the dif-
fering assumptions made when generating estimates. The bal-
ance sheet for corn ethanol is influenced significantly by the 
assumptions used. Key variables are grain yields, the amount of 
nitrogen fertilizer used to grow grain, the amount of nitrous ox-
ide released from agricultural fields, and, last but not least, the 
amount of carbon sequestered by soils in the form of organic 
matter.
Researchers lead by Steffen Mueller of the Energy Resources 
Center at the University of Illinois at Chicago tried to get the 
numbers right in evaluating the influence of changing land use 
and production practices on the carbon balance surrounding 
an ethanol plant where plans were to double capacity. They 
evaluated trends by carefully examining changes to each acre 
of land in the vicinity of a selected ethanol plant, the Illinois 
River Energy Center (IRE) in Rochelle, about 80 miles west of 
Chicago.
Remote sensing and survey methods were used to create a 
snapshot of land use trends in 2006–07; the researchers found 
that even though demand for corn was high, land near the plant 
was not diverted from other uses. This alleviated concern about 
environmentally sensitive land being removed from conserva-
tion uses. In 2007, about 100,000 acres were needed to supply 
the corn to produce 58 million gallons of ethanol. Farm surveys 
were used to determine both yield and N fertilizer application 
rates because U.S. averages do not accurately represent the 
above-average growing conditions in Illinois.
Key Term
Global Warming Potential
Global warming potential (GWP) measures the 
total greenhouse gas contribution of a person or prac-
tice. Since practices cause the release of many differ-
ent greenhouse gases, and each one has a different po-
tential to affect the climate, scientists like to convert 
them all to a single unit, known as CO2e. CO2e ex-
presses how much a given amount CO2 might affect 
climate over 100 years. One ton of CO2 equals 1 ton 
of CO2e, whereas 1 ton of N2O, which is 300 times as 
potent as CO2, equals 300 tons of CO2e.
GWP of six major greenhouse gases over 100 years:
1 ton CO2 = 1 ton CO2e 
1 ton methane = 25 tons CO2e
1 ton nitrous oxide = 300 tons CO2e
1 ton HFC 134a = 1,430 tons CO2e
1 ton HFC 23 = 14,800 tons CO2e
Average grain yield was over 180 bushels per acre. 
If this increases to near 280 bushels, as predicted for 
the region by 2030, we could reduce the area needed 
to supply the ethanol plant by 30%.
The study found that corn growers supplying the 
plant use an average of about 368 g/bu of nitrogen. Ni-
trogen fertilizer use contributes to the global warming 
potential (GWP) of corn ethanol, first at the fertilizer 
production plant, where energy-intensive manufactur-
ing processes emit greenhouse gases, and then in the 
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field, where a certain amount of nitrogen is lost to the at-
mosphere as nitrous oxide (N2O). N2O is a gaslike carbon 
dioxide that insulates the earth, causing temperatures to 
rise. There are several ways to estimate the amount of N2O 
released, and approaches differ notably in the amounts pre-
dicted. The method selected for doing the estimate makes 
a big difference, because the warming caused by one mole­
cule of N2O is about 300 times that of CO2.
Emissions are “offset” to some extent by the amount of 
CO2 that is captured by plants and then sequestered as soil 
carbon in organic matter. The net GWP of the ethanol pro-
duction plant was estimated based on existing crop rotations 
and tillage practices. The study did not consider global ad-
justments in land use patterns from U.S. biofuels production.
Under certain conditions, the amount of warming caused 
by the release of heat trapping gasses or consumption of 
Carbon Accounting
How to calculate a product’s GWP, or “CO2e 
footprint”
1 If you want to know what impact a product will have on the climate, 
you have to track its CO2e emissions 
through every stage of its life cycle. 
In the case of corn ethanol, you 
have to follow the product from 
the farm where the corn seed is 
planted to the vehicle where the 
ethanol is finally burned, releas-
ing energy and emissions.
energy to produce nitrogen fertilizers was “offset” or 
canceled out by the amount of warming reduced by soil 
carbon sequestration.
Ethanol or Gas?
According to Dr. Mueller’s study, corn ethanol from 
northern Illinois has 40% less impact on the climate 
than gasoline. Farm practices like cover cropping and 
no-till farming could further reduce that impact.
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CO2e
CO2e ?
3
Corn ethanol’s impact on global warm-
ing begins on the farm. CO2e is released 
whenever equipment like a tractor is 
burning gas and whenever nitrogen fer-
tilizer applied to the soil returns to the 
air as nitrous oxide.
CO2e
CO2e The farm lowers its global warming 
potential when it takes carbon from 
the atmosphere and traps it in the 
soil. Practices like no-till farming and 
planting cover crops are good ways to 
do just that.
When you subtract the CO2e trapped 
from the CO2e released, the farms in 
northern Illinois that used cover crop-
ping and no-till roughly broke even.
2
After leaving the farm, corn is trans-
ported to processing facilities, processed 
into ethanol, transported to gas stations, 
and combusted in vehicles. CO2e released 
during each step is added to the overall 
GWP of corn ethanol.
4 When all is tallied, corn ethanol from 
northern Illinois has a net-positive cli-
mate impact, meaning that it does con-
tribute to climate change. But the study 
found that its contribution was lower 
than that of gasoline. 
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Global Warming Impact of IRE Produced Corn Ethanol
-20
0
20
40
60
80
100
G
as
ol
in
e
A
ve
ra
ge
E
th
an
ol
 P
la
nt
IR
E
IR
E
 &
 C
O
2-
S
eq
ue
st
ra
tio
n
gC
O
2/M
J
C-Sequestration
IRE Biorefinery
Other Ag and
Distribution
N Fertilizer
Net GWI
